U has a certain affinity for capturing a thermal neutron. This capture, measured by a parameter called the cross-section, results in a new isotope, 236 U, being formed in a highly excited state. In the majority of such cases the excited 236 U nucleus undergoes fission; the entire process may be written as 235 U + n → 236 U* →fp + c(n) (1) where 236 U* indicates the excited state, fp the fission products, and c the total number of prompt neutrons (n). The average c value is approximately 2.5. The bombardment of 235 U by thermal neutrons induces fission, and some delayed neutrons are consequently emitted. A vast number of neutrons exist in nuclear reactors. Indeed, neutrons may be considered to be the working fluid of reactors. Thus the irradiation of uranium-bearing samples in a reactor would induce fission and, hence, subsequent delayed neutron emissions. This is the basis of the DNC method for uranium analysis: the irradiation of a sample in neutron flux of a reactor, followed by detection and counting of any delayed neutrons emitted. Since the half-lives involved are short, the delay between irradiation and counting should be minimal. Likewise, both the irradiation and counting times need only be of the order of seconds, since the saturation activity is approached rapidly.
There are many examples of delayed neutron-counting procedures in the literature. [1] [2] [3] [4] In general, the process consists of a 60 s irradiation, a 25 s decay period and a 60 s counting period using proportional BF3 or 3 He detectors. [1] [2] [3] [4] 
Experimental
Samples were collected from the north of Saudi Arabia. They were dried at 120˚C overnight, and then sieved up to 200 mesh. Both gamma-ray spectrometry and delayed neutron counting methods were used for the determination of uranium.
Gamma-ray spectrometry
A known mass of a sample (approximately 120 g) was contained in a polyethylene tube. The gamma rays emitted naturally due to the daughters of uranium 234 Th at energies of 63 and 92.8 were measured. The samples were counted on a hyper pure germanium (HPGe) detector linked to a personal computer. Each sample was counted for 180 min.
Delayed neutron counting (DNC)
A known mass of a sample (approximately 1 g) was double contained in polyethylene, and irradiation was carried out at the Imperial College Research Reactor Center (ICRC) Ascot, UK. The sample was blown into the irradiation site with compressed nitrogen gas and irradiated for 60 s; it was then left to decay for 25 s and counted for 60 s.
The irradiation tube was made of aluminum, had an internal diameter of 38.1 mm, and was situated on the edge of the reactor core. The irradiation position was at the center line of the core and the thermal neutron flux was 10 12 n cm -2 s -1 . There was an epithermal neutron component of about 10 10 n cm -2 s -1 .
The neutron detection ring consisted of eighteen pressurized boron trifluoride (BF3) proportional detectors (25. 4 diameter and 60.98 cm long) arranged in the configuration of two concentric rings of nine detectors surrounding the sample, which was placed at the center of the rig. Polyethylene beads with an average diameter of 3 mm were used as a neutron moderator between and surrounding the sample and detectors. To ensure a low neutron background the detection rig was covered by a cadmium sheet (1 mm), paraffin wax (45 mm) and an additional sheet of cadmium all of which was surrounded by concrete blocks (0.230 m thick). The cadmium was present to absorb any thermal neutrons from external sources and the concrete and paraffin wax to thermalize any fast neutrons for capture by the cadmium.
Results and Discussion
In order to evaluate the accuracy of the analysis, two methods were used. The data consisted of two points (GRS and DNC) (xi, yi); the results are given in Table 2 . If we consider this quantity to be the dependent variable, then the data should correspond to a straight line of the form
If there is no correlation between the quantities x and y, then there would be no tendency for the values of y to increase or decrease with increasing x, and, therefore, the least-squares fit must yield a horizontal straight line with a slope of b = 0. However, since in both methods it is the absolute concentration, the expected value of b is one and that of a is zero. Since we are discussing the interrelationship between variables x and y, we can equally well consider x to be a function of y and ask where the data correspond to a straight line of the form
The values of the coefficients, a* and b*, will be different from the values of the coefficients, a and b, in Eq. 
If there is a complete correlation, we can see from Eq. (4) that bb* = 1. We therefore define the experimental linear correlation coefficient, r = (bb*) 1/2 , as a measure of the degree of the linear correlation (5) where n is the number of samples, xi the GRS and yi the DNC data.
The value of r ranges from 0, when there is no correlation, to ± 1, when there is complete correlation. Although the sign of r is the same as that of b (and b*), only the absolute magnitude is important. 5, 6 When using the values of n, xi and yi from Table 2 in Eq. (5), the correlation is 0.997 ≈ 1, which means a good correlation between the GRS and DNC methods.
Conclusions
Samples from various places from the north of Saudi Arabia have been analyzed by the GRS and DNC methods. Multiple analyses, five replicates, of each samples were performed. Each analysis was performed in exactly the same manner as any other. Therefore, any differences in the uranium concentrations obtained would be due to the experimental errors inherent in our analysis.
The important conclusions of this work are summarized below: 1. The agreement between the GRS and DNC techniques is satisfactory. The correlation coefficient between the two methods was 0.997. 2. For the determination of uranium, although both GRS and DNC are accurate, DNC is less time consuming. 3. The DNC method required a smaller sample quantity than the GRS method. Although 1 g of a sample is required for DNC, 120 g is required for GRS. 
